Research Article
In a series of studies based on children who attended a preschool on the Stanford University campus, Mischel, Shoda, and colleagues showed that under certain conditions, a child's success in delaying the gratification of eating marshmallows or a similar treat was related to later cognitive and social development, health, and even brain structure (Casey et al., 2011; Mischel et al., 2010; . Although only part of a larger research program investigating how children develop self-control, Mischel and Shoda's delay-time-later-outcome correlations and the preschooler videos accompanying them have become some of the most memorable findings from developmental research. Gratification delay is now viewed by many to be a fundamental "noncognitive" skill that, if developed early, can provide a lifetime of benefits (see Mischel et al., 2010, for a review) .
Since the publication of Mischel and Shoda's seminal studies (e.g., , other researchers have examined the processes underlying the ability to delay gratification. Some have modified the marshmallow test to illuminate the factors that affect a child's ability to delay gratification (e.g., Imuta, Hayne, & Scarf, 2014; Kidd, Palmeri, & Aslin, 2013; Michaelson & Munakata, 2016; Shimoni, Asbe, Eyal, & Berger, 2016) ; others have investigated the cognitive and socioemotional correlates of gratification delay (e.g., Bembenutty & Karabenick, 2004; Duckworth, Tsukayama, & Kirby, 2013; Romer, Duckworth, Sznitman, & Park, 2010) . These studies have added to a growing body of literature on self-control suggesting that gratification delay may constitute a critical early capacity. For example, Moffitt and Caspi demonstrated that self-control-typically understood to be an umbrella construct that includes gratification delay but also impulsivity, conscientiousness, self-regulation, and executive function-averaged across early and middle childhood, predicted outcomes across a host of adult domains (Moffitt et al., 2011) . Duckworth and colleagues (2013) showed that the relation between early gratification delay and later outcomes was partially mediated by a composite measure of self-control, which has further fueled interventions designed to promote skills that fall under the "selfcontrol" umbrella (e.g., Diamond & Lee, 2011) . However, despite the proliferation of work on gratification delay, and the related construct of self-control, Mischel and Shoda's longitudinal studies still stand as the foundational examinations of the long-run correlates of the ability to delay gratification in early childhood.
Revisiting these studies reveals several limiting factors that warrant further investigation. First, Mischel and Shoda's reported longitudinal associations were based on very small and highly selective samples of children from the Stanford University community (ns = 35-89; . Although Mischel's original work included over 600 preschool-age children , followup investigations focused on much smaller samples (e.g., for their investigation of SAT and behavioral outcomes, Shoda and colleagues were able to contact only 185 of the original 653 children). Moreover, these children originally underwent variations of the gratification-delay assessment; Mischel experimented with trials in which the treat was obscured from a child's vision, and some of the children were supplied with coping strategies to help them delay longer. They found positive associations between gratification delay and later outcomes only for children participating in trials in which no strategy was coached and the treat was clearly visible-a circumstance they called the "diagnostic condition."
For the 35 to 48 children who were tested in the diagnostic condition, and for whom adolescent followup data were available, Shoda and colleagues (1990) observed large correlations between delay time and SAT scores, r(35) = .57 for math, r(35) = .42 for verbal, and between delay time and parent-reported behaviors, for example, "[my child] is attentive and able to concentrate," r(48) = .39. These bivariate correlations were not adjusted for potential confounding factors that could affect both early delay ability and later outcomes. Because these findings have been cited as motivation both for interventions designed to boost gratification delay specifically (e.g., Kumst & Scarf, 2015; Murray, Theakston, & Wells, 2016; Rybanska, McKay, Jong, & Whitehouse, 2017) and for interventions seeking to promote self-control more generally (e.g., Diamond & Lee, 2011; Flook, Goldberg, Pinger, & Davidson, 2015; Rueda, Checa, & Cómbita, 2012) , it is important to consider possible confounding factors that might lead bivariate correlations to be a poor projection of likely intervention effects.
In the current study, we pursued a conceptual replication of Mischel and Shoda's original longitudinal work. Specifically, we examined associations between performance on a modified version of the marshmallow test and later outcomes in a larger and more diverse sample of children, and we employed empirical methods that adjusted for confounding factors inherent in Mischel and Shoda's bivariate correlations. Several considerations motivated our effort. First, replication is a staple of sound science (Campbell, 1986; Duncan, Engel, Claessens, & Dowsett, 2014) . Second, Mischel and Shoda's highly selective sample of children limits the generalizability of their results. Finally, if researchers are to extend Mischel and Shoda's work to develop interventions, a more sophisticated examination of the long-run correlates of early gratification delay is needed. Interventions that successfully boost early delay ability might have no effect on later life outcomes if associations between gratification delay and later outcomes are driven by factors unlikely to be altered by child-focused programs (e.g., socioeconomic status [SES] , home parenting environment).
Current Study
We used data from the National Institute of Child Health and Human Development (NICHD) Study of Early Child Care and Youth Development (SECCYD) to explore associations between preschoolers' ability to delay gratification and academic and behavioral outcomes at age 15. We focused most of our analysis on a sample of children born to mothers who had not completed college, for two reasons. First, it allowed us to investigate whether Mischel and Shoda's longitudinal findings extend to populations of greater interest to researchers and policymakers concerned with developing interventions (e.g., Mischel, 2014) . Second, empirical concerns over the extent of truncation in our key gratificationdelay measure in the college-educated sample limited our ability to reliably assess the correlation between gratification delay and later abilities. Because of these differences, we consider our study to be a conceptual, rather than traditional, replication of Mischel and Shoda's seminal work (Robins, 1978) .
Method
More complete information regarding the study data and measures can be found in the Supplemental Material available online. Here, we provide a brief overview of key study components.
Data
Data for the current study were drawn from the NICHD SECCYD, a widely used data set in developmental psychology (NICHD Early Child Care Research Network, 2002) . Participants were recruited at birth from 10 U.S. sites across the country, providing a geographically diverse, although not nationally representative, sample of children and mothers. Participants have been followed across childhood and adolescence, with the last full round of data collection occurring when children were 15 years old.
The current study relied on data collected when children were 54 months of age, and our outcome variables were measured during the assessments at Grade 1 and age 15. Our analysis sample was limited to children who had a valid measure of delay of gratification at age 54 months, as well as nonmissing achievement and behavioral data at age 15 (n = 918). For conceptual and analytic reasons (detailed below), we then split our sample on the basis of mother's education, and we focused much of our analyses on children whose mothers did not report having completed college when the child was 1 month old (n = 552, a sample that is 10 times larger than the sample size in the Shoda et al., 1990, study) .
In Table 1 , we present selected demographic characteristics for children included in our analytic sample, split by whether the child's mother did or did not receive a bachelor's degree. For purposes of comparison, we also present the same set of characteristics for a nationally representative sample of kindergarteners collected 2 to 3 years after our sample's 54-month wave of data , preschool; 1995-1996) , except for mother's education and mother's age at child's birth, which were both collected at the 1-month interview. The ECLS-K variables were weighted using the C1CW0 weight to generate nationally representative estimates.
collection. These nationally representative data were drawn from the publically available Early Childhood Longitudinal Survey-Kindergarten Cohort, 1998 -1999 (https://nces.ed.gov/ecls/dataproducts.asp; more information regarding this data set can be found in the Supplemental Material). The children of college-completing mothers were largely White (91%), with 55% of them reporting family income that was at least 4 times above the poverty line (i.e., income-to-needs ratio over 4.0) and none of them reporting income at or below the poverty line (i.e., income-to-needs ratio at or below 1.0). The subsample of children with mothers without a college degree was more comparable with the nationally representative sample. In both samples, about 16% of children were Black, mother's age at birth was approximately 27 years, 14% of mothers did not complete high school, and between 17% and 18% of families were living at or below the poverty line. However, Hispanic children were still underrepresented in this sample, underscoring the fact that although diverse, our data were not nationally representative.
Measures
Delay of gratification. A variant of Mischel's (1974) self-imposed waiting task (i.e., the "marshmallow test") was administered to children when they were 54 months old. An interviewer would present children with an appealing edible treat based on the child's own stated preferences (e.g., marshmallows, M&M's, animal crackers). Children were then told that they would engage in a game in which the interviewer would leave the child alone in a room with the treat. If the child waited for 7 min, the interviewer would return, and the child could eat the treat and receive an additional portion as a reward for waiting. Children who chose not to wait could ring a bell to signal the experimenter to return early, and they would then receive only the amount of candy originally presented. The measure of delay of gratification was then recorded as the number of seconds the child waited, with 7 min being the ceiling.
The measure of gratification delay used here differed from the one employed by Mischel (1974) in several noteworthy ways. First, the 7-min cap was much shorter than Mischel's maximum assessment length; the children in Mischel's sample were asked to wait between 15 and 20 min, depending on the study, before the assessment ended. In our sample, approximately 55% of children hit the 7-min ceiling on the measure, presenting a potential analytic challenge to our models. However, we found that the ceiling was much more problematic for higher-than lower-SES children. Children whose mothers obtained college degrees hit the ceiling at a rate of 68%, compared with 45% for children whose mothers did not complete college (p < .001; see Table 2 ). Note: In the columns for children with degreed and nondegreed mothers, the table reports the proportion of students falling within each delay-of-gratification category; all other values in these columns are means (with standard deviations in parentheses). The sample was split on the basis of mother's education, and p values were derived from a series of regressions in which each characteristic was regressed on a dummy for whether mother graduated from college and a series of site fixed effects. Beta values represent effect sizes measuring the standardized differences between the two groups.
We adopted several approaches to dealing with this truncation problem, principally exploring possible nonlinearities in the associations between time waited and outcome measures by dividing the distribution of waiting times into discrete intervals. We also focused much of our analyses on the children of mothers who did not complete college, as far fewer of the children in this sample hit the ceiling on the minutes-waited measure, and as explained above, this group of children complements the sample of children included in the Mischel and Shoda studies. But because the subsample of children with college-educated mothers allows for a more direct replication of Mischel and Shoda's famous work (e.g., , we also present results for them, bearing in mind the limitations imposed by the substantial delay truncation.
Finally, it should also be noted that children in the NICHD study were given only the version of the task that Shoda and colleagues (1990) called the diagnostic condition (i.e., the children were not offered strategies and were able to see the treat as they waited).
Academic achievement. Academic achievement was measured using the Woodcock-Johnson Psycho-Educational Battery Revised (WJ-R) test ), a commonly used measure of cognitive ability and achievement (e.g., . For math achievement at Grade 1 and age 15, we used the Applied Problems subtest, which measured children's mathematical problem solving. At Grade 1, reading achievement was measured using the Letter-Word Identification task, a measure of word recognition and vocabulary, and at age 15, reading ability was measured using the Passage Comprehension test. The Passage Comprehension test asked students to read various pieces of text silently and then answer questions about their content.
For all the WJ-R tests, we used the standard scores, which were normed to have a mean of 100 and a standard deviation of 15 in each respective wave. We took the average of the Grade 1 math and reading measures and the age-15 math and reading measures, respectively, to create composite measures of academic achievement.
Behavioral problems. Following , we relied primarily on mothers' reports of child behavior. Mother-reported internalizing and externalizing behavioral problems were assessed using the Child Behavior Checklist (CBCL; Achenbach, 1991) at age 54 months, Grade 1, and age 15. The CBCL is a widely used measure of behavioral problems, and it includes approximately 100 items rated on 3-point scales that capture aspects of internalizing (i.e., depressive) and externalizing (i.e., antisocial) behavior. As with academic achievement, at Grade 1 and age 15, we averaged together the externalizing and internalizing measures to create a behavioral composite score that, before standardization, ranged from 32 to 83, with higher scores indicating higher levels of behavioral problems. We also tested models that used a host of alternative behavioral measures taken from youth reports and direct assessments at age 15; these measures and models are described in the Supplemental Material.
Additional covariates. All covariates included in our models are listed in Table 3 , and we grouped the covariates into two distinct sets of control variables: child background and Home Observation for Measurement of the Environment (HOME) controls and concurrent 54-month controls.
Child background and HOME controls. Child demographic characteristics (i.e., gender and race), birth weight, mother's age at the child's birth, and mother's level of education were collected at the 1-month interview via interview with study mothers. Family income was collected from study mothers at the 1-, 6-, 15-, 24-, 36-and 54-month interviews. We took the average of all nonmissing income data over this span, and then logtransformed average family income to restrict the influence of outliers. Mother's Peabody Picture Vocabulary Test (PPVT) score was assessed in a lab visit when the focal child was 36 months old. The PPVT is a commonly used measure of intelligence (e.g., see meta-analysis by Protzko, 2015) .
We also included early indicators of child cognitive functioning, as measured at age 24 months by the Bayley Mental Development Index (MDI; Bayley, 1991) and at age 36 months by the Bracken Basic Concept Scale (BBCS; Bracken, 1984) . The MDI measured children's sensory-perceptual abilities, as well as their memory, problem solving, and verbal communication skills. The BBCS was an early measure of school readiness skills, and it required students to identify basic letters and numbers.
Child temperament was measured at age 6 months using the Early Infant Temperament Questionnaire (Medoff-Cooper, Carey, & McDevitt, 1993) , a 38-item survey to which mothers responded. This questionnaire asked mothers to rate their child on a 6-point Likertscale with items focused on the child's mood, adaptability, and intensity. We took the average score across these items as our measurement of temperament, with higher scores indicating more agreeable dispositions.
Finally, the set of controls measured prior to age 54 months also included indicators of the quality of the home environment, as measured by an observational assessment called the HOME inventory (Caldwell & Bradley, 1984) . The HOME was assessed when the focal child was approximately 36 months old, and it was designed to capture aspects of the home environment known to support positive cognitive, emotional, and behavioral functioning. We used nine subscales of the HOME in our models: The first eight subscales are commonly used with the HOME measure (Learning Materials, Language Stimulation, Physical Environment, Responsivity, Academic Stimulation, Modeling, Variety, and Acceptance), and the ninth subscale, called the Responsivity-Empirical Scale, was derived by the NICHD SECCYD study from factor analyses of the HOME items. This final scale was distinct from the traditional Responsivity scale, as it included items from the Language Stimulation scale that also measured mother responsivity and sensitivity to the child.
Concurrent 54-month controls. For models that included controls for concurrent cognitive and behavioral skills, we also included subscales taken from the age 54-month WJ-R test. As our measure of early reading, we included the Letter-Word Identification task, which tested children's ability to sound out simple words, and the Applied Problems test at age 54 months was our measure of early math skills. For preschool children, the Applied Problems test requires them to count and solve simple addition problems. We also used the Memory for Sentences and Incomplete Words subtests as measures of cognitive ability. The Incomplete Words test measured auditory closure and processing, and children listened to an audio recording where words missing a phoneme were listed. They were then asked to name the complete word. Finally, the Picture Vocabulary test was a measure of verbal comprehension and crystallized intelligence. In this task, children were asked to name pictured objects. All of these tasks have been widely used as measures of children's early cognitive skills and their measurement properties have been widely reported (e.g., .
Finally, we also included the mother's report of children's externalizing and internalizing problems from the Child Behavior Checklist at age 54 months. Much like the measure used for age-15 behavioral problems, the 54-month survey included a battery of items designed to assess children's antisocial and disruptive behavior (i.e., externalizing) and depressive symptoms (i.e., internalizing).
Analysis
Our primary goal was to estimate the association between early gratification delay and long-run measures of academic achievement and behavioral functioning. Like the work of Shoda and colleagues (1990) , our study did not include a measure of gratification delay in which between-child differences were generated from some exogenous intervention, so we do not claim that the associations we estimated reflect causal impacts. Instead, our goal was to assess how much bias might be contained in longitudinal bivariate correlations between gratification delay and later outcomes as a result of failure to control for characteristics of children and their environments. Regression-adjusted correlations should provide better guidance regarding whether interventions boosting gratification delay might also improve later achievement and behavior.
To accomplish our analytic goals, we modeled later academic achievement and behavior (measured at both Grade 1 and age 15) as a function of a measure of gratification delay at age 54 months. We then tested models that added controls for background characteristics and measures of the home environment before moving to models that also included measures of cognitive and behavioral skills assessed at age 54 months (see Table 3 ). These two approaches reflect different assumptions regarding how variation in gratification-delay ability might arise. Models with controls measured between birth and age 36 months still allow for variation in age 54-months gratification delay caused by the differential development of general cognitive or behavioral skills (e.g., executive function, self-control) between 36 and 54 months. Put another way, these models contain controls only for factors that even ambitious preschoolchild-focused interventions are unlikely to alter (e.g., birth weight, temperament at 6 months of age, early home environment).
In contrast, the models with concurrent-54-months covariates controlled for variation in a range of cognitive capacities and behavioral problems developed by age 54 months. They helped to isolate the possible effects of an intervention that targets only the narrow set of skills involved with gratification delay (e.g., a program that merely provided children with strategies to help them delay longer; see Mischel, 2014, p. 40) but not concurrent general cognitive ability or socioemotional behaviors.
Although it is impossible to know exactly how individual differences in gratification delay emerge (e.g., changes in parenting, development of cognitive skills), by controlling for factors unlikely to be altered by interventions (e.g., ethnicity, parental background), we can purge our estimates of bias due to observable characteristics that are correlated with gratification delay and later outcomes. If remaining unobserved factors also contribute to gratification delay and later outcomes (e.g., changes in parenting), and if these unobserved factors are unlikely to be altered by a particular intervention, then bias in our estimates may still remain. Yet our estimates should serve as an improvement over the unadjusted correlations reported previously (e.g., .
In all models shown, continuous variables were standardized so that coefficients could be read as effect sizes, and all models with control variables included a set of dummy variables for each site to adjust for any between-site differences. In order to account for missing data on control variables, we used structural equation modeling with full information maximum likelihood in Stata Version 15.0 (StataCorp, 2017) to estimate all analytic models. Finally, we report all estimated p values to the thousandth decimal place (with p values below .001 displayed as < .001), and we describe any estimate corresponding to a p value less than .05 as statistically significant. Though we recognize the arbitrariness of focusing only on results with a p value less than .05, we selected this alpha level because it was the minimum threshold for statistical significance used in the studies we attempted to replicate and extend (i.e., . Consequently, any differences in conclusions reached between our studies and those reported in the previous literature should be attributed to design and sample differences rather than alpha-level choices. Table 2 provides descriptive results for key analysis variables, including the 54-months delay-of-gratification measure, split by mother's education level. In the sample of children with nondegreed mothers, children waited an average of 3.99 min (SD = 3.08) before ending the task. We also present the proportion of children falling within certain ranges on the measure, with the 7-min category representing children who successfully completed the trial. In the lower-SES sample, 45% of children waited the maximum of 7 min, and 23% waited less than 20 s (i.e., 0.33 min). In the higher-SES sample, only 10% of children waited less than 20 s, and the average time waited was 5.38 min (statistically significantly longer than the lower-SES group, p < .001).
Results

Descriptive findings
Because the 7-min ceiling presented a potential analytic challenge for both samples, we estimated models that substituted the four dummy categories shown in Table 2 for the continuous minutes-waited variable as a way to assess nonlinearities in the relationship between delay time and academic and socioemotional outcomes. Importantly, these models also provide information on how much our analysis might be compromised by the 7-min truncation. Table 3 presents descriptive information for the various control measures used in the analysis, and means are presented separately for children who did and did not complete the delay task. In both the higher-and lower-SES samples, performance on the delay-of-gratification task was highly correlated with differences on most observable characteristics considered. For example, for children from nondegreed mothers, those who completed the delay-of-gratification task were from higher income families (p < .001) than noncompleters, had mothers with higher PPVT scores (p < .001), and had higher scores on dimensions of the HOME observational assessment (ps = .04 to < .001). Null or smaller differences were generally observed for the children of degreed mothers, perhaps owing to the lack of heterogeneity in this subsample.
Regression results
Results for children of nondegreed mothers. Table 4 presents coefficients and standard errors from models that estimated the association between delay of gratification at 54 months and our Grade 1 and age-15 achievement and behavioral composites for the sample of children from nondegreed mothers. Table 4 displays the results for a standardized continuous measure of gratification delay (i.e., the number of minutes waited during the marshmallow test). As Column 1 reflects, the bivariate association between minutes waited and academic achievement was 0.28 (SE = 0.04, p < .001), considerably less than the .57 correlation Shoda and colleagues found for SAT math scores and the .42 correlation they found for verbal scores. These linear results suggest that children's Grade 1 achievement would improve by approximately one tenth of a standard deviation for every additional minute waited at age 4. When the controls measured prior to age 54 months (second column of Table 3 ) were added to the model, the standardized association fell to 0.10 (SE = 0.03, p = .002), and when concurrent 54-months controls were added (third column of Table 1), the association fell to a statistically nonsignificant 0.05 (SE = 0.03, p = .114).
Columns 4 through 6 show analogous models for the measure of achievement at age 15. The magnitudes of the age-15 correlations were remarkably similar to the Grade 1 correlations. The age-15 achievement correlation in the absence of other controls was of moderate size and statistically significant, β = 0.24, SE = 0.04, p < .001; but fell substantially when controls for earlier characteristics were added, β = 0.08, SE = 0.03, p = .016; and became nonsignificant when 54-months controls were added, β = 0.05, SE = 0.03, p = .140. Given that Shoda and colleagues found almost as strong correlations with later behavior as with later achievement, we were surprised to find virtually no relationship-even in the absence of controls-between delay of gratification and the composite score of mother-reported internalizing and externalizing at either Grade 1 or age 15 (right half of Table 4) .
Children who waited less than 20 s (i.e., the lowest category) served as the comparison group for our models that represented delay times in a set of dummy variables (see Table 2 for the proportion of students in each category). As shown in Table 4 , models of outcomes at both Grade 1 and age 15 that lack control variables show a strong gradient between gratification delay and later achievement. Relative to children who waited less than 20 s, children who waited between 20 s and 2 min scored about one third of a standard deviation higher on the achievement measure at Grade 1 and age 15, and this difference grew to nearly three fourth of a standard deviation for the group that waited the entire 7 min. The entry for Model 1 in the row labeled "p value for test of equality of second, third, and fourth categories" shows that the coefficients produced by the three groups of children who waited longer than 20 s differed significantly from one another (p < .001), as did coefficient differences across all four categorical variables (the p value that is shown in the row labeled "p value for test of equality of all categories").
At both Grade 1 and age 15, when controls for early child and family characteristics were added to the model (Column 2 for Grade 1; Column 5 for age 15), the coefficients estimated for all three delay-time groups fell by roughly 50%. Surprisingly, the addition of the background controls also flattened out the gradient of the prediction across the gratification-delay distribution. Relative to the less-than-20-s reference group, achievement differences for children who waited more than 20 s but not the full 7 min were strikingly similar to the difference for children who waited the full 7 min. At age 15, the threshold nature of the relationship was most apparent; the coefficients produced by the three groups that waited longer than 20 s all fell between 0.23 and 0.30, and were not close to being statistically significantly different from one another (p = .752).
When concurrent 54-months controls were added, coefficients fell even further. At age 15, only the coefficient produced by the group describing children who waited 2 to 7 min retained statistical significance (β = 0.24, SE = 0.10, p = .018), though once again the set of coefficients on the included categories of delay time did not differ from one another (p = .630). As with the models shown for delay minutes in the achievementcomposite columns in Table 4 , we found no statistically significant relationships between gratification delay and the first-grade and age-15 behavioral composites.
In our focal case of age-15 achievement, the return for delaying gratification appeared to be driven by differences between children who managed to wait at least 20 s and those who did not. Figure 1 illustrates this threshold effect with three lines showing the coefficients produced by our delay-of-gratification categories in the age-15 achievement models (i.e., the "Delay minutes (categorical)" section of Table 4 ). The solid line shows coefficients drawn from the no-control model (i.e., Column 4 of Table 4), the dashed line shows coefficients from the model with early controls (i.e., Column 5 of Table 4) , and the dotted line shows coefficients produced by models with the 54-months controls (i.e., Column 6 of Table  4 ).
The uncontrolled line has a steep initial jump, followed by a more gradual increase for wait times longer than 20 s. Both lines for the models with controls 
(8) decrease after 4 min. Using 7 min to anchor the morethan-7-min group is probably an underestimate, but it is clear from the downward trajectory that no assumptions about the distribution of wait times above 7 min would produce a strong positive slope for the last segment of the line. Thus, in the case of children with mothers who lack college degrees, the truncation of delay time at 7 min does not affect the conclusion that children with the highest delay times show similar achievement levels at age 15 as other children who are able to delay for at least 20 s.
Results for children from mothers with college degrees. In Table 5 , we present key results for children of mothers with college degrees. As in Table 4 , we again present results for the continuous measure of delay of gratification and the categorical measures split along parts of the delay-of-gratification distribution. For the continuous measure, we again found evidence of positive unadjusted associations between delay of gratification and later achievement at both Grade 1 (β = 0.18, SE = 0.06, p = .001) and age 15 (β = 0.17, SE = 0.06, p = .007), and the categorical results suggested that much of this association was somewhat linear through the distribution. For the age-15 models, these relations became statistically indistinguishable from zero once controls were added, and the point estimate for the more-than-7-min category was surprisingly small and negative (β = −0.04, SE = 0.15, p = .816). As with the models shown in Table   4 , we again found no evidence of associations between delay of gratification and the behavioral measures at first grade or age 15 in the high-SES sample. Despite statistically nonsignificant results, point estimates were sometimes positive and substantial (e.g., the 2-7 min group coefficient shown in Column 1; β = 0.40, SE = 0.21, p = .054), but the standard errors were nearly double those estimated for children of nondegreed mothers (Table 4 ). This is due in part to the somewhat smaller sample size for the higher-SES sample but also to the lack of variation in the delay-ofgratification measure for this sample. Thus, although we found even less evidence of associations between delay of gratification and measures of later achievement when considering only the children of mothers with college degrees, it is difficult to draw strong conclusions from these models given the imprecise nature of their coefficient estimates.
Additional results and sensitivity checks
Heterogeneity. Because we found little evidence supporting associations between early delay ability and later outcomes for the higher-SES sample, we next tested whether the different pattern of results observed between the higher-and lower-SES samples constituted a statistically significant difference. In Table 6 , we present models that included interaction terms between the various ; the x-axis shows the deviation in achievement composite scores from the reference group (delay < 0.333 min) against the within-group average amount of time waited. The average wait times for the models with no controls and with child background and Home Observation for Measurement of the Environment (HOME) controls only are displaced by ±.025 to distinguish the sets of error bars. The high-delay group's coefficients are plotted at 7 min, although the 7-min truncation prevents us from knowing what the mean value of minutes waited would have been for this group in the absence of this limit. 
(8) 
(8) of each set (i.e., Columns 1, 4, 7, and 10) contained only the measure of delay of gratification and a given outcome measure. Estimates shown in the second column of each set (i.e., Columns 2, 5, 8, and 11) added child background characteristics, Home Observation for Measurement of the Environment (HOME) scores, and site dummy variables. Estimates shown in the third column of each set (i.e., Columns 3, 6, 9, and 12) added other behavioral and cognitive measures also measured at age 54 months. Post hoc chi-square tests were used to generate p values in order to assess whether respective sets of variables were different from one another (ps below .001 have been rounded to .001). The joint F test evaluated whether the set of interaction terms jointly contributed to the model. In other words, it tested whether the set of interactions were statistically significantly different from zero.
*p < .05.
measures of delay of gratification (i.e., the continuous and categorical measures) and the indicator for whether the participant's mother completed college. None of the interactions tested were statistically significant, and our series of joint F tests indicated that the set of interactions for the categorical measures of delay of gratification did not statistically significantly contribute to any of the models (ps = .342-.968). However, as with the models that were run solely on the sample of children with collegeeducated mothers, standard errors were quite large for the interaction terms, indicating a substantial level of statistical imprecision. Unfortunately, the wide confidence intervals on many of the interaction terms render it impossible to provide a definitive answer to whether the relation between early delay ability and later achievement differs by SES.
Measurement considerations.
In Table 7 , we present correlations between the marshmallow test and all analysis variables for the full sample of children considered in our analyses (n = 918; see the Supplemental Material for correlation matrices for both the lower-SES and higher-SES samples, respectively). In Table 7 , we also included the 54-month measure of the Continuous Performance Task (CPT; Barkley, 1994) , which is a commonly used indicator of attention and impulsivity, and we included the Duckworth et al. (2013) parent-and teacher-report index of 54-month self-control (see the Supplemental Material for measurement details). We included these additional measures to further investigate how the marshmallow test might relate to theoretically relevant constructs (see Diamond & Lee, 2011) . Surprisingly, the marshmallow test had the strongest correlation with the Applied Problems subtest of the WJ-R, r(916) = .37, p < .001; and correlations with measures of attention, impulsivity, and self-control were lower in magnitude (rs = .22-.30, p < .001). Although these correlational results were far from conclusive, they suggest that the marshmallow test should not be thought of as a mere behavioral proxy for self-control, as the measure clearly relates strongly to basic measures of cognitive capacity.
In the Supplemental Material, we report further assessments of the extent to which self-control and attention could account for the associations between delay of gratification and later achievement. In Table  S3 , we included the 54-months measures of attention and impulse control taken from the CPT in the Table 4 models and found that inclusion of the CPT measures accounted for only 21% to 27% of the effect for the less-than-7-min group. In Table S4 , we present results from a parallel analysis using the Duckworth et al. (2013) index of self-control, and again we found that coefficients were hardly reduced when the self-control index was included. The small change in the coefficient for the delay-of-gratification measure between models that did and did not include indicators of attention, impulsivity, and self-control raises further questions regarding what constructs are measured by the marshmallow test.
Alternative outcome measures. Returning to our focal sample of children with mothers who had not completed college, we were surprised to see the lack of significant associations between our delay-of-gratification measure and the behavioral measures at Grade 1 and age 15. We also tested models that used alternative indicators of behavior assessed at age 15, including measures of risky behavior from youth self-reports and assessments of impulse control. Surprisingly, we still found virtually no associations between delay of gratification and behavior across any of these alternative measures (Tables S5-S7 in the Supplemental Material). Furthermore, because we relied on aggregated measures of achievement and behavior, we also tested separate models for math, reading, externalizing behaviors, and internalizing behaviors (Table S8 in the Supplemental Material). Results indicated that the achievement associations were similar for both the math and reading measures, and we still found no statistically significant effects on either measure of problem behaviors.
Discussion
We attempted to extend the famous findings of Mischel and Shoda by examining associations between early delay of gratification and adolescent outcomes in a more diverse sample of children and with more sophisticated statistical models. As with the earlier studies, we found statistically significant, although smaller, bivariate associations between early delay ability and later achievement. But we also found that these associations were highly sensitive to the inclusion of controls. Moreover, we failed to find even bivariate associations between delay of gratification at age 54 months and a host of behavioral outcomes at age 15, which was remarkable given the stability in self-control measures found in other studies (e.g., Moffitt et al., 2011) .
It surprised us that for the children of nondegreed mothers, most of the achievement boost for early delay ability was gained by waiting a mere 20 s. argued that the relationship between delay of gratification and academic achievement might be driven by the ability to generate useful metacognitive strategies that will influence self-regulation throughout one's life. Such strategies are unlikely to have played much of a role in a child's ability to wait for only 20 s. Instead, our findings suggest that impulse control may be a key mechanism, although post hoc inclusion of an explicit measure of impulse control explained some but certainly not most of the delay-of-gratification effect. These results create further questions regarding what the marshmallow test might measure and how it relates to the umbrella construct of self-control. We observed that delay of gratification was strongly correlated with concurrent measures of cognitive ability, and controlling for a composite measure of self-control explained only about 25% of our reported effects on achievement. These results suggest that the marshmallow test may capture something rather distinct from self-control. Indeed, Duckworth and colleagues (2013) also investigated the relations among delay of gratification, selfcontrol, and intelligence using the data employed here, and they found that both self-control and intelligence mediated the relation between early delay ability and later outcomes. Our results further suggest that simply viewing delay of gratification as a component of selfcontrol may oversimplify how it operates in young children.
When considering how our results might inform intervention development, recall that models with controls for concurrent measures of cognitive skills and behavior reduced the association between delay of gratification and age-15 achievement to nearly zero. This implies that an intervention that altered a child's ability to delay but failed to change more general cognitive and behavioral capacities would likely have limited effects on later outcomes. If intervention developers hope to generate program impacts that replicate the long-term marshmallow test findings, targeting the broader cognitive and behavioral abilities related to delay of gratification might prove more fruitful.
Indeed, Mischel and Shoda's original results ) supported similar conclusions. Recall that they reported long-run correlations between delay of gratification and later outcomes only for children who were not provided with strategies for delaying longer. That the prediction was strong only in trials that relied on natural variation in children's ability to delay suggests that unobserved factors underlying children's delay ability may have driven the long-run correlations. Our results support this interpretation.
Our study is not without weaknesses. The 7-min ceiling was limiting, although our nonlinear models indicated that it was unlikely to affect conclusions drawn for the lower-SES sample. For the higher-SES sample, the 7-min ceiling prevented a direct replication of Mischel and Shoda's original work (e.g., , as a substantial majority of higher-SES children hit the ceiling. The lack of precision in our higher-SES results was unfortunate, though it should be noted that point estimates in fully controlled models were often very small. At the very least, these results further suggest that bivariate associations between delay of gratification and later outcomes probably contain substantial bias, even for more privileged children.
It should also be noted that variation in our delayof-gratification measure at age 54 months was not exogenous, so our models could not truly capture the effects that would be produced by exogenously spurred gains in early delay-of-gratification ability. However, our models included an extensive set of control variables that go well beyond the bivariate specifications employed in previous studies (e.g., . Finally, data not drawn to be nationally representative provide a shaky foundation for generalization.
In sum, our findings suggest that although early delay of gratification did indeed correlate with later achievement for children whose mothers had not completed college, the magnitude of this association was highly sensitive to the inclusion of control variables and did not appear to be linear across the delay-of-gratification distribution. Future work on delay of gratification should continue to examine the processes captured by the marshmallow test and whether early delay-of-gratification interventions would be worthwhile investments for promoting children's long-run success.
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Method Data
Data for the current study were drawn from the National Institute of Child Health and Human Development (NICHD) Study of Early Child Care and Youth Development (SECCYD). Participants were recruited from ten U.S. sites in both urban and rural settings. Mothers who had recently given birth were recruited from nearby hospitals, and mothers were excluded if they could not speak English or if they planned to move within the next 18 months. The first wave of major child-level data collection occurred when the focus child was 1 month of age, at which point 1,364 children remained in the study (roughly 50% of the originally recruited sample). Most of the attrition between initial recruitment and the 1-month interview was concentrated among low-SES mothers and children (see Duncan & Gibson, 2000; NICHD Early Child Care Research Network, 2002) . Data collection continued at various times throughout children's lives, with the last full round of measurement occurring when children were 15 years old. The current study relies primarily on data collected when children were 54 month old, in grade 1, and 15 years old. However, for models with covariates, we also rely on data collected between the 1 month child interview and the age 36 month interview.
ECLS-K.
For purposes of comparison, we also show demographic characteristics for children and families recruited for participation in the Early Childhood Longitudinal StudyKindergarten Cohort of 1998-1999 (ECLS-K; Tourangeau, Nord, Le, Sorongon, & Najarian, 2009) . The data were collected by the National Center for Educational Statistics (NCES), and the sample was designed to be nationally representative of children in kindergarten during the fall of 1998. This publically-available dataset has been broadly used to study child development and education, and information regarding data collection procedures and study measures has been widely reported.
In Table 1 of the main text, we present information taken from study families during the fall 1998 parent survey. Mothers reported their age at the time of the survey, and we subtracted the focus child's age from the reported mother's age to calculate "Mother's Age at Child Birth." NCES presented family annual income as a categorical variable, with respondents falling into income ranges (e.g., $20,000-$25,000). We then gave each participant the middle income value for each category, and used the number of children and adults in the home to calculate the "income to needs ratio" following the guidelines given by the Census Bureau (https://www.census.gov/topics/income-poverty/poverty/guidance/poverty-measures.html). Finally, for all descriptive statistics presented, we weighted estimates using the C1C1W0 weight to recover nationally representative estimates.
Measures
Academic achievement. The Woodcock Johnson-Revised (WJ-R; ) is a commonly used assessment of cognitive and academic ability, and it contains a number of subtests each designed to measure mathematics and verbal achievement, as well as more general cognitive abilities such as executive function. Each subtest was agenormed and administered by a trained examiner in a one-on-one interview with the child. We focus on WJ-R subtests designed to measure mathematics and reading achievement, which were administered at grade 1 and age 15 years. In some models, we also use WJ-R subtests given at age 54-months as control variables. For all WJ-R subtests, we used the WJ-R standard scores, which were standardized to have a mean of 100 and standard deviation of 15 at each age.
Mathematics achievement. At age 54-months, grade 1, and age 15-years, mathematics achievement was measured using the WJ-R Applied Problems subtest, a commonly used measure of math ability (e.g., Siegler et al., 2012; ) that tested mathematical reasoning and problem solving. The examiner administering the test established a basal and ceiling for each child, and items were ordered hierarchically. At age 54 months, the Applied Problems items focused on counting and simple arithmetic; by age 15, items focused on algebraic concepts and fractions. Reading achievement. At age 54 months and grade 1, reading achievement was measured using the Letter-Word Identification task, which tested children's ability to sound out simple words. Like the Applied Problems test, items on the Letter-Word Identification test were also ordered hierarchically, and the examiner established a basal and a ceiling for each child. Early items on the test asked children to match a pictographic representation of a word with an actual picture of the object, and the remaining items asked subjects to read aloud isolated letters and words. At age 15, reading achievement was measured using the Passage Comprehension subtest. Early items on this test involved reading a phrase then identifying a picture that depicted the phrase. Later items asked children to read a passage and fill in a missing key word.
Additional 54-month cognitive measures. In models with 54-month covariates, we also used the Memory for Sentences and Incomplete Words subtests as measures of cognitive ability. The Incomplete Words test measured auditory closure and processing, and children listened to an audio recording where words missing a phenome were listed off. They were then asked to name the complete word. Finally, the Picture Vocabulary test was a measure of verbal comprehension and crystallized intelligence. In this task, children were asked to name pictured objects.
Additional problem behaviors. In addition to using the mother-reported Child Behavior Checklist, we investigated the relationship between delay of gratification and other measures of behavioral functioning assessed at age 15. These measures included the Stoplight Task (Gardner & Steinberg, 2005) , a measure of risk-taking in which children played a computer game that asked them to control a car attempting to reach a destination in a limited amount of time. While driving the car, children encountered stoplights that forced them to face the choice of either slowing down and losing time or running the light and possibly crashing the vehicle. From this task, we used two measures of risk taking: 1) the amount of time (in milliseconds) between the appearance of a yellow light and the application of the brake; 2) number of brake applications during the entire task. The stoplight task has been used in other developmental studies as a measure of adolescent risk taking (see Chein et al., 2011; Kim-Spoon et al., 2016) As an alternative measure of internalizing and externalizing, we included scales taken from the age-15 Youth Self Report (YSR). The YSR was adapted from the CBCL, and it included 119 items that allowed youth to assess their own behavior. We also included a selfreported measure of impulse control, taken from the Winberger Adjustment Inventory (Weinberger & Schwarts, 1990) , in which youth responded to 8 items designed to help them assess their own ability to control counterproductive impulses. Finally, we used a youth-reported measure of risky behavior called the Risky Behavior Questionnaire, which was adapted from several different measures used in large studies of child development (Conger & Elder, 1994; Halpern-Felsher, 2005) . With this measure, youth responded to 61 items asking them how many times in the past year they had engaged in 55 different risk behaviors (e.g., alcohol use and sexual risk taking).
Continuous Performance Task. In supplemental models described below, we controlled for a 54-month measure of attention and impulsivity called the Continuous Performance Task (CPT; Barkley, 1994) . With the CPT, children interacted with a computer game in which they were asked to click a key every time a certain object appeared on the screen. Attention was measured by the proportion of trials in which the child correctly clicked the key in response to a target object. Impulsivity was measured by the proportion of trials in which a child incorrectly clicked a key in response to a non-target object. These controls were introduced to gauge the extent to which the age-54 month gratification delay "effect" is reduced when differences in concurrent impulsivity are taken into account.
Self-control. We also tested whether controlling for a measure of self-control would reduce the effect of gratification delay on later achievement and behavior. Following the example of Duckworth and colleagues (2013), we created a composite score of self-control from mother and teacher reports at age 54 months. Both mothers and caregivers completed the Child Behavior Questionnaire (CBQ; Rothbart, Ahadi, & Hershey, 1994) , and both surveys contained sub-scales that measured "attention focusing" and "inhibitory control." As with the Duckworth et al. (2013) study, we averaged together the teacher and mother "attention focusing" and "inhibitory" control scales to create a self-control composite (see Duckworth et al. (2013) for a description of the measure's psychometric properties).
Analysis
Our primary goal is to estimate the association between early gratification delay and long-run measures of academic achievement and behavioral functioning. Like the work of Mischel and Shoda (e.g., Mischel, Shoda, Peake, 1988; ) our data did not include a measure of gratification delay in which crosschild differences were generated from some exogenous intervention, so we do not pretend that the associations we estimate reflect causal impacts. Instead, the goal of our investigation is to estimate how much bias might be contained in longitudinal correlations between measures of delay of gratification and measures of child cognitive and behavioral functioning as a result of failure to control for characteristics of children and their environments, all measured before age 54 months, that may be causing both differences in 54-month gratification delay times and adolescent outcomes of interest.
To accomplish our analytic goals, we modeled later academic achievement and behavior as a function of an age-54-month measure of gratification delay and pre-54-month controls:
(1) YiLATE = 0 + β1DOGi54+ ØBack&FamiEARLY + δChildiEARLY+ λCogiEARLY+ γHomeiEARLY + εi where YiLATE is an outcome measure of either academic achievement or behavioral functioning taken at a later time point (both grade 1 and age 15), DOGi54 is the 54-month measure of delay of gratification ("DOG") measured in minutes waited, Back&FamiEARLY is a vector of family and child demographic characteristics (e.g., family income, gender, race) assessed prior to the 54-month survey, ChildiEARLY is a vector of early measures of the child's personal characteristics (e.g., temperament, birth weight), CogiEARLY is a vector of early measures of cognitive functioning, and HomeiEARLY is a set of measures of the home environment captured by the 36-month HOME battery. Finally, the error term, εi, will be uncorrelated with our key estimate, β1, only if our control variables perfectly capture all of the possible sources of confounding variation.
In addition, we tested models that added controls assessed at age 54 months in order to project how changes in delay of gratification ability, holding constant other concurrent cognitive and behavioral abilities, might affect later development:
(2) YiLATE = 0 + β1DOGi54+ ØBack&FamiEARLY + δChildiEARLY+ λCogiEARLY+ γHomeiEARLY + χCog&Behi54+ εi where all model parameters are defined as with Equation 1, but a vector of cognitive and behavioral measures assessed at age 54 months, Cog&Behi54, is added. Although it might be argued that the estimates from Equation 2 provide the best projections for how a delay of gratification intervention might affect later functioning, we recognize that the concurrent timing of their measurement with the gratification delay task may risk over-controlling for capacities that are themselves a product of past emotional self-regulation. All continuous variables were standardized so that coefficients can be likened to effect sizes, and all models with control variables included a set of dummy variables for each site to adjust for any between-site differences. Finally, in order to account for missing data on control variables, we used SEM with Full Information Maximum Likelihood in Stata 13.0 to estimate all analytic models.
Additional Results Additional correlational results. In Table S1 , we a correlation matrix among all analysis variables for the children of mothers who did not graduate college (n = 551), and in Table S2 , we present the same matrix for the children of college completing mothers (n= 365).
Alternative Models
Because models that relied on the children of college completing mothers yielded unreliable results, we focus only on the children of mothers without college degrees (i.e., the lower-SES sample) for supplemental models shown in Tables S3 through S8 .
Continuous performance task. Table S3 presents results from models that added controls for age 54-month attention and impulsivity, as measured by the continuous performance task (CPT). These models also included controls measures prior to age 54 months (compare with models 2, 5, 8 and 11 from Table 3 ). We found that when CPT measures were added, coefficients for gratification delay in achievement models dropped slightly (approximately 21-27%). Thus, we did not find that a direct measure of impulse control completely explained the effect for gratification delay. Further, we only found the CPT measures to be predictive of later outcomes in the grade 1 achievement model. Self-control. Table S4 also presents results from models with controls measured prior to age 54-months with our composite score of mother and teacher reported self-control also added. Similar to the CPT results, we found only partial mediation. However, our self-control measure significantly predicted achievement and behavior at both grades 1 and age 15. These results again indicate that the gratification delay measure may tap into processes distinct from selfcontrol. For a more complete investigation of this issue, see Duckworth and colleagues (2013) , as they had a more robust examination of this hypothesis using the same dataset and the same measure of self-control.
Additional behavioral outcomes. In Table S5 , we present descriptive results for additional behavioral outcomes assessed at age 15. Table S6 presents associations between gratification delay and measures of risk taking; two measures came from the stoplight task and one from the youth-reported Risky Behavior Questionnaire. Aside from the bivariate association between waiting for 7 minutes and youthreported risk taking (β = -0.38, SE = 0.12, p = .002), we found no significant associations between gratification delay and measures of risk taking. In Table S7 , we display associations between youth-reported measures of behavior problems and delay of gratification and we again found no significant results.
Disaggregated measures of achievement and behavior problems. In the main text, we averaged together measures of math and reading achievement, and measures of externalizing and internalizing, to create composite measures of achievement and behavior, respectively. In Table  S8 , we present disaggregated results in which we regressed individual measures of age-15 math, reading, externalizing, and internalizing on gratification delay. Results closely mirrored the results shown in Table 4 of the main text. In models with controls measured prior to age 54-months, we found associations between the gratification delay dummy variables and measures of math and reading achievement that ranged between 0.19 and 0.29.
Compared with the composite score of behavioral problems, we found slightly larger associations between gratification delay and externalizing behavior, but no associations were statistically significant in models that contained controls. We found no associations between gratification delay and internalizing behavior. (54) 1 Continuous 1.00 2 <0.333 min.
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